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(54) ELECTROSTATIC ACTUATOR, ITS MANUFACTURING METHOD, AND LIQUID INJECTION 
DEVICE USING THEM 

(57) An electrostatic ink jet head (1) using an elec- 
trostatic actuator and its manufacturing method, com- 
prising pressure chambers (6) communicating with ink 
nozzles (21) and an atmospheric pressure chamber 
(12) open to the atmosphere, wherein diaphragms (5) 
are formed on the bottom surfaces of the pressure 
chambers (6), a voltage is applied between the dia- 
phragms (5) and electrodes (43) to vibrate the dia- 
phragms (5) electrostatically so as to inject ink droplets, 
vibration chambers (41) communicate with a pressure 
compensating chamber (49), a displacement plate (16) 
which is dispiaceable toward the outside of the bottom 
surface of the pressure compensating chamber (49) 
according to a variation in atmospheric pressure is 
formed on the bottom surface of the pressure compen- 
sating chamber (49), the volume of the pressure com- 
pensating chamber (49) is increased or decreased 
according to the displacement of the displacement ptate 
(16) so that the inside pressure of each vibration cham- 
ber (41) communicating with the pressure compensat- 
ing chamber (49) is regulated to the atmospheric 
pressure, whereby the vibration characteristics of the 
diaphragms (5) can be kept constant even if the atmos- 
pheric pressure is varied so as to maintain an appropri- 
ate ink-droplet injecting operation. 
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Description 

[Technical Feild] 

[0001] The present invention relates to an electro* < 
static actuator which generates pressure by displacing 
a vibrating plate with electrostatic force, and to a manu- 
facturing method therefor, and also relates to a liquid 
discharging device for discharging droplets such as an 
ink-jet head, using the same. More particularly, the 
present invention relates to an electrostatic liquid dis- 
charging device such as an ink-jet head printer for 
example, capable of continually performing proper drop* 
let discharging action regardless of external atmos- 
pheric pressure fluctuations. 

[Background Art] 

[0002] The background art will flow be described with 
an ink-jet printer as an example of an electrostatic liquid 
discharging device. An ink-jet printer having an electro- 
static Ink-jet head is disclosed in Japanese Unexamined 
Patent Application Publication No. 6-55732, for exam- 
ple. With this type of ink-jet head, Ink within a pressure 
chamber is discharged from an ink nozzle by vibrating a 
vibrating plate forming a portion of the pressure cham- 
ber wherein ink liquid is stored, by electrostatic force. 
Accordingly, changes in the external atmospheric pres- 
sure alter the discharge properties of the ink droplets, 
which may cause a problem in that the desired ink drop- 
lets may not be discharged. 

[0003] That is. with an electrostatic ink-jet head, a 
vibrating plate defining a portion of the pressure cham- 
ber faces an electrode plate across a narrow gap, and 
the vibrating plate is vibrated by electrostatic force by 
applying driving voltage between the electrode plate 
and the vibrating plate. The gap between the vibrating 
plate and the electrode plate is extremely narrow, 
around 1 to 2 microns, so the space between the vibrat- 
ing plate and the electrode plate is sealed to form a 
sealed chamber, so that the vibration of the vibrating 
plate is not inhibited by intrusion of dust and the like 
therebetween. 

[0004] In the event that the external atmospheric pres- 
sure fluctuates, the vibrating plate separating the pres- 
sure chamber and the sealed chamber from one 
another is displaced in a direction such that the pres- 
sure within the sealed chamber matches that of the 
external atmospheric pressure. Consequently, even in a 
state in which voltage has not been applied, the vibrat- 
ing plate is in a state of having already been displaced. 
Thus, in the event that the external atmospheric pres- 
sure fluctuates, the vibrating properties of the vibrating 
plate change even when the same driving voltage is 
applied, and me discharging properties of the ink drop- 
lets (the amount of ink per discharged droplet and the 
discharging speed of the ink droplets) change. 
[0005] Ink-jet printers having a bubbl e-jet ink-jet head 



disclosed in Japanese Unexamined Patent Application 
Publication No. 4-284255 are known. This Unexamined 
Patent Application Publication discloses a method for 
performing a continuously stable ink droplet discharging 

s action regardless of fluctuations in the external atmos- 
pheric pressure, by detecting the ambient atmospheric 
pressure and changing the voltage waveform applied to 
an electro-thermal converting member, that is to say. the 
driving voltage waveform of the ink-jet head, according 

to to the external atmospheric pressure. 

[0006] This method is effective for ink-jet heads 
according to the bubble-jet method wherein ink liquid 
within the pressure chamber is heated and caused to 
bubble, but is seldom advantageous when applied to 

ts electrostatic ink-jet heads. Particularly, in environments 
such as high elevations where the atmospheric pres- 
sure differs markedly from normal, merely adjusting the 
driving voltage waveform for driving the vibrating plate 
may not be sufficient to facilitate appropriate droplet dis- 

20 charge. 

[0007] Electrostatic actuators may be applied to other 
devices besides the ink-jet printer given hero as an 
example, such as fuel injection devices for internal com- 
bustion engines, atomizers for discharging or spraying 

25 liquids such as perfume, and micro-pumps, but with 
these devices as well, it is thought that the droplet dis- 
charge properties fluctuate according to fluctuation of 
the external atmospheric pressure. 
[0008] It is an object of the present invention to pro- 

30 vide an electrostatic actuator capable of reliably gener- 
ating a desired pressure unaffected by fluctuations of 
the external atmospheric pressure, and an electrostatic 
liquid discharging device capable of discharging drop- 
lets in an appropriate manner. 

35 

[Disclosure of the Invention] 

[0009] In order to achieve the above objects, the elec- 
trostatic actuator according to the present invention 

40 comprises a vibrating plate, an electrode plate facing 
the vibrating plate, and a sealed chamber formed 
between the electrode plate and the vibrating plate; 
wherein the vibrating plate is displaced by electrostatic 
force, by applying voltage between the vibrating plate 

45 and the electrode plate; the electrostatic actuator hav- 
ing a pressure compensating means for decreasing the 
pressure difference between the internal pressure in the 
sealed chamber and the external pressure. 
[0010] The pressure compensating means employed 

50 may comprise a pressure compensating chamber com- 
municating with the sealed chamber, and may be capa- 
ble of increasing/decreasing its volume according to the 
external atmospheric pressure. 
[001 1 ] In this case, the entire pressure compensating 

55 chamber might be formed of an expanding/contracting 
material, or a portion of the pressure compensating 
chamber may be defined by a displacement plate dis- 
placeable in the direction perpendicular to its plane, 
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according to the external atmospheric pressure. 
[001 2] The displacement plate is only slightly spaced 
apart from the facing wall of the pressure compensating 
chamber; therefore, if the external atmospheric pres- 
sure is high, the displacement plate may be displaced 
far enough to come into contact with the opposing inner 
wall, thereby inhibiting a further pressure compensating 
function. Also, in the event that the displacement plate is 
displaced towards the facing wall, the compliance 
thereof decreases, which may also result in the inhibi- 
tion of pressure compensating functions. Accordingly, 
the displacement plate is preferably curved into a form 
so as to protrude in a direction away from the facing 
inner wall of the pressure compensating chamber. 
[0013] An arrangement may be used wherein a dis- 
placement plate displaceable in the direction perpendic- 
ular to its plane is provided as a portion of the pressure 
compensating chamber instead of the displacement 
plate which is displaced according to the external 
atmospheric pressure, and wherein the displacement 
plate and electrode plate are positioned facing one 
another, so that the displacement plate can be dis- 
placed according to changes in the external atmos- 
pheric pressure, by electrostatic force. 
[001 4] On the other hand, the pressure compensating 
means may comprise a heat-generating member capa- 
ble of at least heating gas sealed in the sealed chamber, 
instead of the pressure compensating chamber. Heat- 
ing the sealed gee with the heat-generating member 
raises the internal pressure thereof, so the pressure dif- 
ference with the external atmospheric pressure can be 
relieved. 

[0015] A preferable material used for configuring the 
electrostatic actuator is a semiconductor substrate 
which can be worked with precision. For example, dop- 
ing a semiconductor substrate with boron, etching the 
semiconductor substrate, and using the boron doped 
layer as a displacement plate, allows a displacement 
plate with desirable properties (compliance) to be 
obtained. Also, in order to form the electrostatic actuator 
In a compact size, the vibrating plate and displacement 
plate are preferably sectioned and formed using a com- 
mon semiconductor substrate. 

[001 6] Also, the electrostatic liquid discharging device 
according to the present invention uses the pressure of 
the above electrostatic actuator having the pressure 
compensating functions, as the pressure generating 
source for discharging droplets. That is. the electrostatic 
liquid discharging device comprises a nozzle for dis- 
charging droplets, and a pressure chamber communi- 
cating with the nozzle and also holding liquid, wherein a 
vibrating plate provided as a wall portion of the pressure 
chamber is vibrated by the above-described electro- 
static actuator, thereby providing the liquid in the pres- 
sure chamber with a pressure fluctuation for 
discharging droplets. 

[0017] Common ink-jet heads serving as liquid dis- 
charging devices are provided with multiple ink nozzles, 



with pressure chambers provided corresponding to 
each ink nozzle, and with a common ink chamber (com- 
mon liquid chamber) for supplying ink liquid to the pres- 
sure chambers provided. 

5 [001 8] A diaphragm displaceable in the direction per- 
pendicular to its plane is in some cases formed at the 
common ink chamber, so that pressure fluctuations in 
each of the communicating pressure chambers are not 
transmitted to the side of the neighboring pressure 

io chamber. In the case of applying the present invention 
to such an ink-jet head, the diaphragm may also serve 
as the displacement plate. Also, in order to form the 
device or a portion thereof (the ink-jet head) in a com- 
pact size, the pressure chamber, the common inkcham- 

is ber, and the pressure compensating chamber are 
preferably sectioned and formed using a common sem- 
iconductor substrate. 

[0019] In particular, with a liquid discharging device 
comprising an electrostatic actuator of a configuration 

20 wherein the displacement plate of the pressure com- 
pensating chamber is displaced by electrostatic force, 
the configuration may have an external atmospheric 
pressure detecting means for detecting the external 
atmospheric pressure, end a control means for driving 

25 the displacement plate according to the detected exter- 
nal atmospheric pressure. 

[0020] Also, with a liquid discharging device having an 
electrostatic actuator comprising the heat-generating 
member, the configuration may have an external atmos- 
30 pheric pressure detecting means for detecting the exter- 
nal atmospheric pressure, and a control means for 
driving the heat-generating member according to the 
detected external atmospheric pressure. 
[0021] The external atmospheric pressure detecting 
3$ means may be of a conf iguration comprising an electro- 
static capacity detecting means for detecting the elec- 
trostatic capacity between the vibrating plate and the 
electrode plate, and thereby estimating the external 
atmospheric pressure band on the detected electro- 
40 static capacity. 

[0022] The method for manufacturing the electrostatic 
actuator according to the present invention is a method 
for manufacturing an electrostatic actuator comprising a 
vibrating plate, an electrode plate facing the vibrating 
45 plate, and a vibrating chamber formed between the 
electrode plate and the vibrating plate, wherein the 
vibrating plate is displaced by electrostatic force, by 
applying voltage across the vibrating plate and the elec- 
trode plate, the method comprising: a process for form- 
so ing a pressure compensating chamber communicating 
with the vibrating chamber; a process for forming a dis- 
placement plate at a portion of the pressure compensat- 
ing chamber, displaceable according to the external 
atmospheric pressure, into a warped form curved so as 
55 to protrude in a direction away from the facing inner wall 
of the pressure compensating chamber; and a process 
for shutting off and sealing the pressure compensating 
chamber from the externa) atmosphere, along with the 



3 



BNSOOCID: <EP 09SSS33A1_^> 



5 



EP0 985 533A1 



6 



vibrating chamber. Furthermore, the air pressure for 
sealing the pressure compensating chamber may be 
adjusted. Accordingly, the initial warping of the displace- 
ment plate is adjusted, and a displacement plate with 
desired compliance properties can be obtained. 

[Brief Description of the Drawings] 



[0023] 

Fig. 1 



Fig. 2 



Fig. 3 



Fig. 4 



Fig. 5 



Fig. 6 



Fig. 7 



Fig . 8 



Fig. 9 



Fig. 10 



is a schematic configuration dia- 
gram illustrating an overview of 
an ink-jet printer mechanism to 
which the present invention is 
applicable. 

is a disassembled perspective 
view illustrating the ink-jet head 
of an ink-jet printer relating to a 
first embodiment of the present 
invention. 

is a schematic longitudinal 
cross-sectional diagram of the 
ink-jet head shown in Fig. 2. 

is a schematic crossways cross- 
sectional diagram of the ink-jet 
head shown in Fig. 2. 

is an explanatory diagram illus- 
trating the electrode position of 
the ink-jet head shown in Fig. 2. 

is a schematic configuration dia- 
gram illustrating the control sys- 
tem of the ink-let printer shown 
in Fig. 1 . 

is a schematic partial cross-sec- 
tional diagram illustrating the 
principal portions of the pres- 
sure compensating means of the 
ink-jet head relating to a second 
embodiment of the present 
invention. 

is a graph illustrating the compli- 
ance properties of the displace- 
ment plate of the ink-jet head 
shown in Fig. 7. 

is an explanatory diagram illus- 
trating the behavior of the dis- 
placement plate of the ink-jet 
head shown in Fig. 7. 

is a schematic partial cross-sec- 



Fig. 11 
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Fig. 12 



Fig. 13 



Figs. 14(Aand (B) 



Figs. 15(A) and (B) 



Fig. 16 



45 Fig. 17 



50 



55 



Fig. 18 



Fig. 19 



tional diagram illustrating the 
principal portions of the ink-jet 
head relating to a third embodi- 
ment of the present invention. 

is an explanatory diagram illus- 
trating the placement relation- 
ship between the vibrating 
chamber and pressure compen- 
sating chamber of the ink-jet 
head shown In Fig. 10. 

is an explanatory diagram illus- 
trating another example of the 
placement relationship between 
the vibrating chamber and pres- 
sure compensating chamber. 

is a schematic partial cross-sec- 
tional diagram illustrating an 
improved example of the ink-jet 
head shown in Fig. 10. 

are a schematic partial cross- 
sectional diagram relating to a 
fourth embodiment of the ink-jet 
head of the present invention, 
and an explanatory diagram 
illustrating the placement rela- 
tionship between the vibrating 
chamber and pressure compen- 
sating chamber. 

are explanatory diagrams illus- 
trating the pressure compensa- 
tion action of the ink-jet head 
shown in Fig. 14. 

Is a schematic configuration da- 
gram illustrating the deriving 
control mechanism of the dis- 
placement plate of the ink-jet 
head shown In Fig. 14. 

Is a schematic partial cross-sec- 
tional diagram illustrating the 
principal portions of the ink-jet 
head relating to a fifth embodi- 
ment of the present invention. 

is a schematic configuration dia- 
gram of the control mechanism 
of the heat control member in 
the ink-jet head shown in Fig. 1 7. 

is a schematic configuration dia- 
gram illustrating another exam- 
ple of the control mechanism of 
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the heat control member in the 
ink-jet head shown in Fig. 17. 

Fig. 20 is an explanatory diagram illus- 

trating another example of the 5 
ink-jet head according to the 
present invention. 

[Best Mode for carrying out the Invention] 

10 

[0024] Embodiments of the present invention will be 
described below with reference to the drawings. The 
embodiments are described with respect to an ink-jet 
printer as an example, but the present invention is also 
applicable to liquid discharging devices other than ink- is 
jet printers, such as devices for discharging fuel, per- 
fume, or the like, devices for applying pressure to liquid 
medicine or the like, and so forth, as long as the devices 
use an electrostatic actuator. 

[0025] Also, the embodiments are described for illus- 20 
trative purposes only. Accordingly, one skilled in this art 
will be able to replace the various components of the 
examples with equivalents, and such embodiments are 
also contained within the scope of the present invention. 

[First Embodiment] 

[0026] Fig. 1 through Fig. 6 illustrate an ink-jet printer 
provided with an ink-jet head according to a first embod- 
iment of the present invention. 

(Overview of the configuration) 

[0027] Fig. 1 is a schematic configuration diagram 
illustrating the overall configuration of the ink-jet printer 
to which the present invention is applied. The ink-jet 
printer 300 according to the present example is a com- 
mon arrangement, having a platen roller 300 serving as 
a component of transporting means for transporting 
recording paper 105. an ink-jet head 1 facing the platen 
roller 300, a carriage 302 for reciprocally moving this 
ink-jet head 1 in a line direction (scanning direction) 
which is the axial direction of the platen roller 300. and 
an ink tank 301 for supplying ink to the ink-jet head 1 via 
an ink tube 306. 

[0028] Reference numeral 303 denotes a pump, which 
is used in the event that a state of detective ink dis- 
charge occurs at the ink-jet head 1 . for sucking the ink 
via a cap 304 and waste ink tube 308 to a waste ink con- 
tainer 305. 

(Ink-jet head) 

[0029] Fig. 2 is an exploded perspective view of the 
ink-jet head of the present example. Fig. 3 is a sche- 
matic longitudinal cross-sectional diagram of the 
assembled ink-jet head. Fig. 4 is a schematic lateral 
cross-sectional diagram thereof, and Rg. 5 is an explan- 



atory diagram illustrating the electrode position of the 
ink-jet head. 

[0030] As is shown in these Figures, the ink-jet head 
1 is a face type electrostatic ink-jet head wherein ink 
droplets are discharged from ink nozzles provided on 
the upper face of a substrate. This ink-jet head 1 is 
formed of a three-layer structure comprising an upper 
nozzle plate 2 and a lower glass substrate 4 having a 
cavity plate 3 sandwiched therebetween. 
[0031] The cavity plate 3 is a silicon substrate for 
example. In the surface of this plate are formed by etch- 
ing: a recesses 7 for pressure chambers 6 whose bot- 
toms function as vibrating plates 5. fine grooves 9 for ink 
supply openings 8 provided at the rear portion of each 
recess 7. and a recess 11 for a common ink chamber 1 0 
for supplying ink to each of the pressure chambers 6. 
[0032] In addition, a recess 13 for an atmospheric 
pressure chamber 12 communicating with the atmos- 
phere is formed by etching at a position adjacent to the 
pressure chamber recess 7 positioned at the far edge. 
The bottom portion of this atmospheric pressure cham- 
ber 12 functions as a displacement plate 16 which is 
displaced according to changes in the external atmos- 
pheric pressure, in the present embodiment, the compli- 
ance of this displacement plate 16 is set so as to be 
10,000 or more times the total sum of the compliances 
of the vibrating plates 5. 

[0033] A groove 15 for a communication hole 14 for 
the atmospheric pressure chamber 12 to communicate 
with the external atmosphere is also formed. The lower 
face of the cavity plate 3 is smoothed by minor polish- 
ing. 

[0034] The nozzle plate 2 joined to the upper face of 
the cavity plate 3 is a silicon substrate for example, like 
the cavity plate 3. In the nozzle plate 2, plural ink noz- 
zles 21 respectively communicating with the pressure 
chambers 6 are formed at the portions respectively 
defining the top walls of the respective pressure cham- 
bers 6. An ink supply hole 22 for supplying ink to the 
common ink chamber 10 is formed in the portion defin- 
ing the top wall of the common ink chamber 10. 
[0035] Joining the nozzle plate 2 to the cavity plate 3 
causes the above recesses 7. 1 1 . 13. and fine grooves 
9 and 15 to be covered, and the pressure chambers 6. 
ink supply openings 8. common ink chamber 10. pres- 
sure compensating chamber 12, and communication 
hole 14 to be formed and separated from one another. 
[0036] The ink supply hole 22 is connected to the ink 
tank 301 (see Fig. 1) via the connecting pipe 23 and a 
tube 306 (see Fig. 1). The ink supplied through the ink 
supply hole 22 is supplied to the independent pressure 
chambers 6 via the ink supply openings 8. 
[0037] The glass substrate 4 joined to the lower face 
of the cavity plate 3 is a borosilicate glass substrate, 
which has a thermal expansion coefficient dose to that 
of silicon. In the glass substrate 4. recesses 42 for 
vibrating chambers (sealed chambers) 41 are formed at 
the portions facing the vibrating plates 5. Individual 
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electrodes 43 corresponding to the vibrating plates 5 
are respectively formed at the bottoms of the recesses 
42. The individual electrodes 43 each have a segment 
electrode 44 formed of ITO and a terminal portion 45. 
[0038] A recess 46 of the same depth as the recesses 
42 i$ farmed in the glass substrate 4 at the portion fac- 
ing the displacement plate 16, which forms the bottom 
portion of the atmospheric pressure chamber 12, with 
the recess 46 being connected to the recesses 42 via a 
communication recess 47. A dummy electrode 48 of 
ITO is formed on the bottom of the recess 46 is well. 
[0039] Joining the glass substrate 4 to the cavity plate 
3 causes the vibrating plates 5 defining the bottoms of 
the pressure chambers 6 and the respective segment 
electrode portions 44 of the individual electrodes 43 to 
face each other across an extremely narrow gap G. This 
gap Q is sealed by a sealing agent 20 placed between 
the cavity plate 3 and the glass substrate 4, and a 
sealed vibrating chamber 41 is formed. Also, the recess 
46 is covered by the displacement plate 16 which is the 
bottom portion of the atmospheric pressure chamber 
12, thereby forming the pressure compensating cham- 
ber 49 for changing the pressure of the vibrating cham- 
bers 41 according to fluctuations in the external 
atmospheric pressure The pressure compensating 
chamber 49 communicates with the vibrating chambers 
41 via the communication portion 50 formed by the 
communication recess 47. 

[0040] Each of the vibrating plates 5 is formed thin and 
is capable of elastic deformation in the direction perpen- 
dicular to its plane, i.a, the vertical direction in Fig. 3. 
The vibrating plate 5 functions as a common electrode 
on the side of the pressure chambers. The vibrating 
plate 5 and the corresponding segment electrode 44 
form electrodes that face each other across the gap G. 
[0041 ] A head driver 220 ( Fig. 6), described below, is 
connected to the vibrating plates 5 and the individual 
electrodes 43. Outputs of the head driver 220 are 
respectively connected to the terminals 45 of the indi- 
vidual electrodes 43, and another output is connected to 
the common electrode terminal 26 formed at the cavity 
plate 3. The cavity plate itself has electro-conductivity, 
so the vibrating plates 5 take the potential of the com- 
mon electrode terminal 26. Incidentally, in the event that 
there is a need to reduce the electric resistance 
between the common electrode terminal 26 and the 
vibrating plates 5, a thin film of an electrically conductive 
material such as gold or the like may be formed on one 
face of the cavity plate 3 by vapor deposition, sputtering, 
or the like. With the present example, anodic bonding is 
used for joining the cavity plate 3 and the glass sub- 
strate 4, so an electrically conductive f flm is formed on 
the side where the channels are formed in the cavity 
plate 3. The dummy electrode 48 is for preventing the 
displacement plate 16 from adhering to the glass sub- 
strate at the time of anodic bonding. 



(Pressure compensating operation) 

[0042] With the ink-jet head 1 of this configuration, 
applying a driving voltage across a pair of opposing 

5 electrodes from the head driver 220 generates electro- 
static force due to charges that accumulate on' the 
opposing electrodes, the vibrating plate 5 warps toward 
the side of the segment electrode portion 44, and the 
volume of the pressure chamber 6 increases. Next, can- 

10 celtng the driving voltage from the head driver 220 
between the opposing electrodes and discharging them 
causes the vibrating plate to return by means of its elas- 
tic restoring force, and the volume of the pressure 
chamber 6 rapidly shrinks. Due to the internal pressure 

is change generated at this time, a portion of ink in the 
pressure chamber 6 is discharged from the ink nozzle 
21 communicating with the pressure chamber 6 so as to 
be discharged toward recording paper. 
[0043] Now, a case where the external atmospheric 

20 pressure changes will be descrbed. For example, in the 
event that the device is moved from sea level to a high 
altitude, the external atmospheric pressure drops. In 
this case, unless the internal pressure of the vibrating 
chambers 41 also changes, this internal pressure 

25 becomes markedly greater than the external atmos- 
pheric pressure. Consequently, in order to obtain a bal- 
anced state of pressure, the vibrating plate 5 of each 
vibrating chamber 41 warps upwards as viewed in Fig. 
4, so that the volume of the vibrating chambers 41 is 

30 increased. 

[0044] However, with the present example, the vibrat- 
ing chambers 41 communicate with the pressure com- 
pensating chamber 49 via the communication portion 
50. This pressure compensating chamber 48 adjoins 

36 the atmospheric pressure chamber 12 communicating 
with the atmosphere, with the displacement plate 16 in 
between. The compliance of the displacement plate 16 
is extremely great as compared to that of the vibrating 
plates 5. Accordingly, the displacement plate 16 is dis- 

40 placed upwards in Fig. 4 before the vibrating plates 5 
are displaced, thereby increasing the volume of the 
pressure compensating chamber 49, and forming a bal- 
anced state of pressure with the external atmospheric 
pressure. Accordingly, the gap between the vibrating 

45 plates 5 and the associated individual electrode 43 is 
maintained at a constant value, regardless of fluctua- 
tions in external pressure. 

[0045] As described above, with the ink-jet head 1 
according to the present example, even in the event that 

so fluctuations in the external atmospheric pressure occur, 
there are essentially no adverse effects on the vibrating 
properties of the vibrating plates. Accordingly, continu- 
ously stable ink discharging properties can be obtained, 
regardless of fluctuations in the external atmospheric 

55 pressure. 

[0046] Incidentally, with the ink-jet head according to 
the present example, the vibrating chambers 41 and 
pressure compensating chamber 49 are formed side by 
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side. That is. at the time of forming the recessions 7 for 
the pressure chambers in the cavity plate 3, i.e.. at the 
time of forming the vibrating plates 5, the displacement 
plate 16 is also formed to a thickness approximately the 
same as that of the vibrating plates 5. Accordingly, man- 
ufacturing of an ink-jet head having pressure compen- 
sating functions is easy. Also, the displacement plate 16 
is covered by the nozzle plate 2. and thus it is advanta- 
geous in that this portion can be securely protected so 
that there is no damage it Further, such a protecting 
portion uses a portion of the nozzle plate 2. and thus is 
advantageous in that manufacturing is easier than in a 
case using a separate protective plate. 

(Control system) 

[0047] Incidentally. Rg. 6 is a schematic diagram of 
the control system of the ink-jet printer 300 according to 
the present example. The circuit portion comprising the 
center of this control system can be formed with a one* 
chip micro-computer, for example. Briefly describing the 
overview of the control system according to the present 
example with reference to the Figures, reference 
numeral 201 denotes a printer control circuit, and RAM 
205. ROM 206, and character generator ROM (CG- 
ROM) 207 are connected to this printer control circuit 
201 via internal busses 202. 203. and 204. including an 
address bus and a data bus. 

[0048] A control program is stored in ROM 206. and 
the drive control action of the ink-jet head 1 is executed 
based on the control program called and activated 
therefrom. RAM 205 is used as the working memory for 
the drive control, and dot patterns corresponding to 
input characters are rendered in the CG-ROM 207. 
[0049] Reference numeral 210 denotes a head drive 
control circuit, which outputs driving signals, clock sig- 
nals, etc., to the head driver 220. under the control of 
the printer control circuit 201 which is connected via the 
internal bus 209. Also, printing data DATA is provided 
via the data bus 211. 

[0050] The head driver 220 is comprised of a TTL 
array for example, which generates driving voltage 
pulses corresponding to input driving signals, applies 
these to the individual electrodes 43 and the common 
electrode 26 which are the object of driving, so as to 
cause discharge of ink droplets from the corresponding 
ink nozzles 21. In order to generate the driving voltage 
pulses, ground voltage GND. driving voltage Vn, etc.. 
are supplied to the head driver 220. These voltages are 
generated from the driving voltage Vcc of the power 
source circuit 230. 

[0051] A carriage motor drive control circuit 232 is 
connected to the printer control circuit 201 via the inter- 
nal bus 231 . The carriage motor drive control circuit 232 
drives the carriage motor (not shown) for reciprocally 
moving the carriage 302 carrying the ink-jet head 1 via 
a motor driver 233. so as to move the inkiet head 1 in 
the direction shown by the arrow 234 in the Figure. A 



transport motor drive control circuit 242 is connected to 
the printer control circuit 201 via the internal bus 241. 
The transport motor drive control circuit 242 drives a 
transport motor via a motor driver 243. and performs 
5 transport control of recording paper 105 following the 
platen roller 300. in the transporting direction shown by 
the arrow 244 in the Figure. 

[Second Embodiment] 

10 

[0052] The displacement plate 16 for pressure com- 
pensation in the above ink-jet head 1 may be formed so 
as to be in the form of a curved plane under standard 
external atmospheric pressure at sea level, instead of a 

f5 flat plate form, us described next. 

[0053] Fig. 7 is a partial cross-sectional diagram of an 
ink-jet head 1 A having the displacement plate 16A of a 
curved form which is bent toward the side of the atmos- 
pheric pressure chamber 12 in a protruding manner. 

20 The members other than this displacement plate 16A 
are the same as those in the ink-jet head 1 shown In 
Fig. 2 through Fig. 5. 

[0054] The displacement plate 16A with such a form 
can be manufactured as follows. A boron-doped layer of 

25 silicon is formed by doping boron into the portion in 
which the displacement plate 16A is to be formed, 
before etching the cavity plate 3. The boron-doped layer 
is etched at the same time as performing etching for 
forming the vibrating plates 5. thereby forming the dis- 

30 placement plate 16A. 

[0055] Boron is dispersed in the boron-doped layer 
portion, and thus is expanded as compared to other sil- 
icon portions. Further, the expansion of the portion 
where the boron-doped layer is formed is restricted by 

35 the silicon portions at both sides thereof which have not 
been doped with boron. Accordingly, forming a thin dis- 
placement plate 16A at the boron-doped layer portion 
causes the displacement plate 16A to be a curved form 
that is bent in a protruding form in the outer direction, or 

40 in a recessed form. 

[0056] A glass substrate 4 is joined by anodic bonding 
to the lower face of the cavity plate 3 in which the dis- 
placement plate 16A is formed, and a sealed pressure 
compensating chamber 49 is sectioned and formed by 

45 the displacement plate 1 6 A and the opposing glass sub- 
strate portion. The opposite side of the displacement 
plate 16A faces the atmospheric pressure chamber 12. 
Accordingly, as shown in Rg. 7, the displacement plate 
16A projects in a protruding curved plane form toward 

so the side of the atmospheric pressure chamber 1 2. 

[0057] With the ink-jet head 1 A having the displace- 
ment plate 16A protruding in a curved plane form 
toward the side of the atmospheric pressure chamber 
12 as described above, in the event that the external 

55 atmospheric pressure is high, the displacement plate 
1 6A is pressed toward the side of the pressure compen- 
sating chamber 49 and warps. Accordingly, the atmos- 
pheric pressure fluctuations can more effectively 
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compensated for in the event that the external atmos- 
pheric pressure is high, as compared with the flat dis- 
placement plate 16. 

[0058] However, such a displacement plate 1 6A which 
protrudes toward the side of the atmospheric pressure 
chamber must warp even further in the protruding direc- 
tion in the event that the external atmospheric pressure 
is lower than the internal pressure of the pressure com- 
pensating chamber 49 (the atmospheric pressure at the 
time of sealing this chamber 49). so the compliance 
drops. Accordingly, the pressure compensating func- 
tions thereof may not be sufficiently exhibited. 
[0059] Fig. 8 is a graph illustrating a characteristic 
curve qualitatively illustrating how the compliance of the 
displacement plate 16A changes with the external 
atmospheric pressure. In this graph, the horizontal axis 
indicates the external atmospheric pressure, and the 
vertical axis indicates the compliance. As can be under- 
stood from this graph, the lower the external atmos- 
pheric pressure compared to the air pressure at the 
time of sealing the pressure compensating chamber 49, 
the lower the compliance of the displacement plate 16A, 
and this rapidly deteriorates in a non-linear form. That 
is. with lower pressure the displacement plate 16A does 
not warp as readily, and accordingly, its pressure com- 
pensating functions deteriorate rapidly. 
[0060] In the event that the external atmospheric pres- 
sure is low, in order to sufficiently raise the compliance 
of the displacement plate 16A so as to be sufficiently 
high even at high elevations for example, the pressure 
compensating chamber 49 is preferably sealed at 
reduced pressure. For example, the pressure compen- 
sating chamber 49 is preferably sealed at a reduced 
pressure state of around 650 hPa ± 50 hPa absolute 
pressure. 

[0061] Fig. 9 is an explanatory diagram illustrating the 
behavior of the displacement plate 16A sealed at a 
reduced pressure. In The Figure, the solid line repre- 
sents the state of the displacement plate 16A before air- 
tight sealing, the dotted line represents the state of the 
displacement plate 16A after reduced-pressure sealing, 
and the broken line represents the state of the cfisplace- 
ment plate 16A in the event that the external atmos- 
pheric pressure is high. 

[0062] Thus, even in the event that the external atmos- 
pheric pressure is high, the displacement plate 16A 
does not come into contact with the bottom of the pres- 
sure compensating chamber 49 (the surface of the 
dur my electrode 48) and does not stop functioning. As 
cf <e understood from the graph in Fig. 8, the compli- 
an. of the displacement plate 16A relative to fluctua- 
tions in the external atmospheric pressure is maintained 
in an almost linear relationship, so compensation 
according to fluctuations in the external atmospheric 
pressure can be performed in a secure manner. 



[Third Embodiment] 

[0063] Fig. 1 0 is a schematic cross-sectional diagram 
illustrating a third embodiment of the ink-jet head to 

5 which the present invention is applied, and Fig. 11 is an 
explanatory diagram illustrating the positional relation- 
ship between the vibrating chambers and the pressure 
compensating chamber. The basic structure of the ink- 
jet head 1 B according to the present embodiment is the 

w same as that of the above-described ink-jet heads 1 and 
1 A. with a structure wherein a nozzle plate 2B is bonded 
to the upper face and a glass substrate 4B is bonded to 
the lower face of a cavity plate 3B which is thus sand- 
wiched between the two. 

is [0064] Pressure chambers 6B respectively communi- 
cating with ink nozzles 21 B, and a common ink chamber 
10B communicating with the pressure chambers 6B via 
ink supply chambers 8B, are sectioned and formed by 
the nozzle plate 2B together with the cavity plate 3B. 

20 Also, an atmospheric pressure chamber 12B is sec- 
tioned and formed at a position adjacent to the common 
ink chamber 10B, and this atmospheric pressure cham- 
ber 1 2B communicates with the atmosphere via a com- 
munication hole 14B. 

25 [0065] A thin displacement plate 1 6B is formed at the 
bottom portion of the atmospheric pressure chamber 
12B, and vibrating plates 5B are formed at the bottom 
portions of the pressure chambers 6B. Vibrating cham- 
bers 41 B each having a gap for allowing the corre- 

30 sponding vibrating plate 5B to be displaced, and a 
pressure compensating chamber 49B having a gap for 
allowing the displacement plate 1 6B to be displaced are 
sectioned and formed by the lower face of the cavity 
plate 3B together with the glass substrate 4B. The ores- 

35 sure compensating chamber 49B communicates with 
the vibrating chambers 41 B. Individual electrodes 43B 
formed of ITO are respectively formed on the bottoms of 
vibrating chambers 41 B, and a dummy electrode 48B 
formed of ITO is formed on the bottom of the pressure 

40 compensating chamber 49B. 

[0066] The portion of the nozzle plate 2B forming a 
wall portion of the common ink chamber 1 0B is a dis- 
placement plate 10A capable of being displaced in the 
direction perpendicular to its plane. This displacement 

45 plate 10A is for preventing pressure fluctuations in the 
pressure chambers 6B from carrying over to the neigh- 
boring pressure chambers 6B via the common ink 
chamber 1 0B, and is displaced by elasticity in the direc- 
tion perpendicular to its plane, according to pressure 

so fluctuations. 

[0067] With the ink-jet heed 1B according to the 
present embodiment as well, the displacement plate 
16B sectioning the pressure compensating chamber 
49B is displaced according to fluctuations in the exter- 

55 nal atmospheric pressure. Accordingly, the vibrating 
plates 5B are prevented from being displaced according 
to fluctuations in the external atmospheric pressure, so 
that stable ink ejecting properties can be maintained. 
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[0068] Incidentally, a configuration employing a plural- 
ity of atmospheric pressure chambers 12B and pres- 
sure compensating chambers 49B may be used. Fig. 12 
shows an example wherein two atmospheric pressure 
chambers and two corresponding pressure compensate 5 
ing chambers are used, wherein two displacement 
plates are positioned accordingly 
[0069] Fig. 13 illustrates an improved example of the 
ink-jet head 1 B. With this ink-jet head 1C as well, a noz- 
zle plate 2C and a glass substrate 4C are provided on 10 
top of end below a cavity plate 3C, respectively Ink noz- 
zles 21C are formed in the nozzle plate 2C. Pressure 
chambers 6C respectively communicating with the noz- 
zles 21C and a common ink chamber 10B communicat- 
ing with the pressure chambers 6C via ink supply 15 
chambers 8C are sectioned and formed by the nozzle 
plate 2C together with the cavity plate 3C. 
[0070] Vibrating plates 5C are formed at the bottom 
portions of the pressure chambers 6C. A displacement 
plate 16C having a compliance far greater than that of 20 
the vibrating plates 5C is provided on the bottom portion 
of the common ink chamber 10C. Vibrating chambers 
41 C each having a gap for allowing the corresponding 
vibrating plate 5C to be displaced, and a pressure com- 
pensating chamber 49C having a gap for allowing the 25 
displacement plate 16C to be displaced are sectioned 
and formed by the lower face of the cavity plate 3C 
together with the glass substrate 4C. The pressure 
compensating chamber 49C communicates with the 
vibrating chambers 41 C. Individual electrodes 43C 30 
formed of ITO are respectively formed on the bottoms of 
the vibrating chambers 41 C. and a dummy electrode 
48C formed of ITO is formed on the bottom of the pres- 
sure compensating chamber 49C. 

[0071] With the ink-jet head 1C according to the 55 
present example, displacement plate 16C is formed as 
the bottom of the common ink chamber 10C. Accord- 
ingly the displacement plate 16C functions as both the 
displacement plate 16B and the displacement plate 10 A 
of the above-described ink-jet head 1B. That is to say. 40 
this displacement plate 16C prevents pressure fluctua- 
tions in the pressure chambers 6C from carrying over to 
the neighboring pressure chambers 6C via the common 
ink chamber 10C. Also, the vibrating plates 5C are pre- 
vented from being displaced according to fluctuations in 45 
the external atmospheric pressure, so that stable ink 
ejecting properties can be maintained. 
[0072] The ink-jot head 1C according to the present 
example can be formed in a more compact manner than 
the above-described ink-jet head 1 B. That is, there is no so 
need to provide a separate atmospheric pressure 
chamber, and the initial atmospheric fluctuation com- 
pensation and internal pressure fluctuations within the 
common ink chamber are absorbed by the single dis- 
placement plate 1 6C. 55 



[Fourth Embodiment] 

[0073] Rg. 14 (A) is a partial cross-sectional diagram 
illustrating a fourth embodiment of the ink-jet head to 
which the present invention is applied, and Rg. 14 (B) is 
an explanatory dBagram illustrating the positional rela- 
tionship between the vibrating chambers and the pres- 
sure compensating chamber. This ink-jet head 1D is 
also configured with a nozzle plate 20 and a glass sub- 
strate 4D being provided on top of and below a cavity 
plate 30. respectively. Ink nozzles 21 D are formed in the 
nozzle plate 2D. Pressure chambers 6D respectively 
communicating with the nozzles 21 D. a common ink 
chamber 10D communicating with the pressure cham- 
bers 60 via ink supply chambers 8D. and an atmos- 
pheric pressure chamber 12D communicating with the 
atmosphere, are sectioned and formed by the nozzle 
plate 2D together with the cavity plate 3D. Vibrating 
plates 5D are formed at the bottom portions of the pres- 
sure chambers 6D. A displacement plate 16D1 is 
formed at the bottom portion of the common ink cham- 
ber 10D. In the same ways a displacement plate 1 6D2 is 
formed at the bottom portion of the atmospheric pres- 
sure chamber 12D. 

[0074] Vibrating chambers 41 D each having a gap for 
allowing the corresponding vibrating plate 5C to be dis- 
placed, and a first pressure compensating chamber 
49D1 having a gap for allowing the displacement plate 
16D1 to be displaced, and a second pressure compen- 
sating chamber 49D2 having a gap for allowing the dis- 
placement plate 16D2 to be displaced, are sectioned 
and formed by the lower face of the cavity plate 30 
together with the glass substrate 4D. The pressure com- 
pensating chamber 49D1 communicates with the vibrat- 
ing chambers 41 D, and the pressure compensating 
chamber 49D2 communicates with the pressure com- 
pensating chamber 49D1 . 

[0075] Individual electrodes 430 formed of ITO are 
respectively formed on the bottoms of the vibrating 
chambers 41 D, and electrodes 48D1 and 48D2 formed 
of ITO are respectively formed on the bottoms of the 
pressure compensating chambers 4901 and D2. 
[0076] As shown in Fig. 15(A), applying voltage 
across the displacement plate 16D1 and the electrode 
48D1 generates electrostatic attractive force, whereby 
the displacement plate 16D1 is drawn toward the elec- 
trode side and is warped. Consequently, the volume of 
the first pressure compensating chamber 4901 is 
reduced, and the internal pressure of the communicat- 
ing vibrating chambers 41 D is increased. Stopping 
application of the voltage causes elastic restoring of the 
displacement plate 1 601 . so the internal pressure of the 
communicating vibrating chamber 41 D also returns to 
the original state. 

[0077] For example, in the event that the ambient 
atmospheric pressure has a certain value, voltage is 
applied between the displacement plate 16D1 and the 
electrode 4801 so that the displacement plate 1601 is 
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drawn toward the electrode 4801 , as shown in Fig 15 
(B). In the event that the external atmospheric pressure 
drops, towering the applied voltage or flopping the volt- 
age application causes the internal pressure of the 
vibrating chambers 41 D to drop, so the pressure differ- 
ence with the external atmospheric pressure 
decreases. Accordingly, the vibrating properties of the 
vibrating plates 5D can be held constant, and a change 
in the ink discharge properties can be suppressed. 
[0078] On the other hand, in the event that the exter- 
nal atmospheric pressure increases, raising the applied 
voltage causes the warping of the displacement plate 
16D1 to increase, and the pressure in the vibrating 
chambers 41 D to be raised, so the pressure difference 
with the external atmospheric pressure can be reduced, 
and a change in the ink discharge properties can be 
suppressed in this case, as well. 
[0079] In the event that the amount of change in the 
external atmospheric pressure is great, a volume 
change of the second pressure compensating chamber 
12D2 can be used as follows. That is. in the event that 
the ambient atmospheric pressure has a certain value, 
a voltage is applied between the displacement plate 
16D1 and the electrode 48D1 so that the displacement 
plate 16D1 is in a state of being drawn toward the elec- 
trode 48D1. as shown in Fig 15 (A). In the event that the 
external atmospheric pressure rises, a voltage is also 
applied across the second displacement plate 16D2 
and the electrode 48D2 so that the displacement plate 
16D2 is also warped. Consequently, the capacity of the 
second pressure compensating chamber 12D2 also is 
reduced, so the pressure of the vibrating chambers 41 D 
can be greatly increased to match the rise in the exter- 
nal atmospheric pressure. Accordingly, the pressure dif- 
ference between the external atmospheric pressure 
which has risen greatly and the internal pressure of the 
vibrating chambers can be reduced or own made zero. 
[0080] Conversely, in the event that the external 
atmospheric pressure drops, application of voltage is 
stopped, so that the first displacement plate 16D1 
returns to the original state, thereby increasing the vol- 
ume of the first pressure compensating chamber 49D1 . 
Accordingly, the internal pressure of the vibrating cham- 
bers 41 D drops, and the pressure difference between 
the external atmospheric pressure and the internal 
pressure is reduced or made zero. The voltage applica- 
tion control for the electrodes 48D1 and 48D2 for 
increasing or decreasing the volume of the first and sec- 
ond pressure compensating chamber 12D1 and 12D2 
a?* be performed by a control mechanism such that 
cribed below. 

: £1] That is. as shown in Fig. 16, the external 
atmospheric pressure is detected by air pressure 
detecting means 401, a set air pressure is compared 
with the detected external atmospheric pressure by 
pressure comparing means 402. and the displacement 
plates 16D1 and 16D2 are displaced by displacement 
plate driving means 403, based on the comparison 



result 

[0082] Incidentally, various sensors can be used for 
the air pressure detecting means, such as electrostatic 
capacity air pressure sensors, piezoelectric air pressure 
s sensors, and so forth. Also, the mounting position of the 
air pressure detecting means is not restricted to near 
the ink-jet head 1D, but rather may be at any position 
where similar air pressure measurement can be per- 
formed. 

io [0083] Also, the external atmospheric pressure may 
be calculated by detecting the electrical capacity 
between the displacement plate and the electrode. 

[Fifth Embodiment] 

15 

[0084] Fig. 1 7 is a partial configuration diagram illus- 
trating the principal components of a fifth embodiment 
of the ink-jet head to which the present embodiment is 
applied. The basic structure of the ink-jet head 1E 

20 according to the present embodiment is the same as 
that of the above-described embodiments, with a nozzle 
plate 2E end glass substrate 4E being laid on top and 
below a cavity plate 3E which is thus sandwiched in 
between the two. Ink nozzles 21 E are formed in the noz- 

25 zle plate 2E. Pressure chambers 6E respectively com- 
municating with the nozzles 21 E and a common ink 
chamber 10E communicating with the pressure cham- 
bers 6E via ink supply chambers 8E are sectioned and 
formed by the nozzle plate 2E together with the cavity 

30 plate 3E. Vibrating plates 5E are formed at the bottom 
portions of the pressure chambers 6E. 
[0085] Vibrating chambers 41 E each having a gap for 
allowing the respective vibrating plate 5E to be dis- 
placed are sectioned and formed by the lower face of 

35 the cavity plate 3E together with the glass substrate 4E. 
Individual electrodes 43E formed of ITO are formed on 
the bottom of the vibrating chambers 41 E. 
[0086] The present embodiment is characterized in 
that instead of providing a pressure compensating 

40 chamber whose volume changes according to a dis- 
placement plate as the pressure compensating means, 
a heat controlling member 160 is used to heat or chill a 
gas sealed in the vibrating chambers 41 E. thereby 
increasing or reducing the internal pressure of the 

45 vibrating chambers 41 E, and consequently reducing the 
pressure difference with the external atmospheric pres- 
sure or making it zero. 

[0087] As is known from Boyle-Charles' law, air pres- 
sure can be controlled by heat. For example, in the 

so event that the external atmospheric pressure increases, 
the heat controlling member 160 is made to generate 
heat, and heating the vibrating chamber formation por- 
tions of the glass substrate 4E heats the gas within the 
vibrating chambers which attempts to expand. However. 

55 the vibrating chambers 41 E are sealed, so the internal 
pressure increases, and the pressure difference with 
the external atmospheric pressure is relieved. 
[0088] Conversely, in the event that the external 
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atmospheric pressure drops, the heat controlling mem- 
ber 160 performs an endothermic or chining action, 
thereby cooling the glass substrate 4E. which cools the 
gas within the vibrating chambers, thus lowering their 
internal pressure. Accordingly, the pressure difference 5 
with the external atmospheric pressure can be relieved. 
[0089] the heat controlling member may be a heat- 
generating member such as a tantalum nitride thin film, 
for example. Alternatively, this may be such which is 
capable of endothermic action, such as a Peltier ele- 10 
ment. 

[0090] Fig. 18 is a schematic diagram of the drive con- 
trol arrangement for the heat controlling member. As 
shown in the Figure, air pressure detecting means 501 
detects the external atmospheric pressure. The is 
detected external atmospheric pressure is converted 
into the internal temperature of the vibrating chamber 
41 E, in air pressure/temperature converting means 502. 
The converted temperature is compared with a preset 
target temperature in the temperature comparing 20 
means 503. The heat controlling member driving means 
504 drives the heat controlling member 160 based on 
the comparison results, such that the temperature 
within the vibrating chamber is the target temperature. 
[0091 ] Incidentally, temperature detecting means 505 2$ 
may be attached to the glass substrate 4E (see Fig. 1 7). 
comparing the detected value with the target tempera- 
ture in order to execute even more precise temperature 
management 

[0092] Also, detection of the air pressure may be 30 
obtained by calculation based on the electrostatic 
capacity between the vibrating plate 5E and electrode 
43E in the vibrating chamber 41 E, instead of mounting 
an air pressure sensor or the like on the ink-let printer. 
[0093] In this case, as shown in Fig. 19, the electro- 35 
static capacity between the vibrating plate and elec- 
trode is detected by electrical capacity detecting means 
601, and the detected capacity is compared with a pre- 
set target value by comparing means 602. so that the 
heat generating member can be driven and controlled <o 
by heat controlling member driving means 603. based 
on the comparison results. 

[Other Embodiments] 

45 

[0094] Incidentally, with the above-described embodi- 
ments, a displacement plate is formed at one portion of 
the pressure compensating chamber, so that the vol- 
ume of the pressure compensating chamber increases 
or decreases by the displacement plate being displaced so 
according to fluctuations in the external atmospheric 
pressure. Instead of this, an arrangement may be used 
wherein the entire pressure compensating chamber 701 
is formed of an elastic material, as shown in Fig. 20. so 
that it expands or contracts in its entirety according to 55 
fluctuations in the external atmospheric pressure. 



Industrial Applicability 

[0095] As described above, the electrostatic actuator 
according to the present invention has pressure com- 
pensating means tor reducing or eliminating a pressure 
difference between the internal pressure of vibrating 
chambers partitioned by vibrating plates and the exter- 
nal atmospheric pressure, so the vibrating properties of 
the vibrating plates do not change according to fluctua- 
tions in the external atmospheric pressure. Accordingly, 
a liquid discharging device to which the present inven- 
tion is applied is capable of constantly performing a sta- 
ble droplet discharging action, regardless of fluctuations 
in the external atmospheric pressure. For example, an 
ink jet printer using the present invention is capable of 
continuously performing high-quality image formation, 
regardless of the place of usage, whether at high eleva- 
tions or at sea level, etc. 

Claims 

1 . An electrostatic actuator, comprising: 

a vibrating plate; 

an electrode plate facing said vibrating plate; 
and 

a sealed chamber formed between said elec- 
trode plate and said vbrating plate; 
wherein said vibrating plate Is displaced by 
electrostatic force, by applying voltage across 
said vibrating plate and said electrode plate; 
said electrostatic actuator having a pressure 
compensating means for decreasing the pres- 
sure difference between the internal pressure 
in said sealed chamber and external pressure. 

2. An electrostatic actuator according to Claim 1, 
wherein said pressure compensating means com- 
prises a pressure compensating chamber commu- 
nicating with said sealed chamber and which is 
capable of increasing/decreasing volume according 
to external atmospheric pressure. 

3. An electrostatic actuator according to Claim 2, 
wherein a portion of said pressure compensating 
chamber is defined by a displacement plate dis- 
placeable accord ng to external atmospheric pres- 
sure. 

4. An electrostatic actuator according to Claim 3, 
wherein said displacement plate is curved into a 
form so as to protrude in a direction away from the 
facing inner wall of said pressure compensating 
chamber. 

5. An electrostatic actuator according to Claim 3. 
wherein an electrode plate faces said displacement 
plate 
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6. An electrostatic actuator according to Claim 3, 
wherein said vibrating plate and said displacement 
plate are sectioned and formed by a common sem- 
iconductor substrate. 

5 

7. An electrostatic actuator according to Claim 3. 
wherein said displacement plate is formed of a 
boron-doped layer formed by doping said semicon- 
ductor substrate. 

10 

a An electrostatic actuator according to Claim 1. 
wherein said pressure compensating means has a 
heat-generating member capable of at least heat- 
ing gas sealed in said sealed chamber. 

15 

9. An electrostatic liquid discharging device, compris- 
ing: 

a nozzle for discharging droplets; 
a pressure chamber communicating with said 20 
nozzle and also holding liquid; 
a vibrating plate defining a portion of said pres- 
sure chamber and capable of vibrating in an 
outward direction; 

an electrode plate facing said vibrating plate; 2s 
and 

a seated chamber formed between said elec- 
trode plate and said vibrating plate; 
wherein applying voltage across said vibrating 
plate and said electrode plate causes said 30 
vibrating plate to vibrate due to electrostatic 
force, thereby providing the liquid in said pres- 
sure chamber with pressure fluctuation for dis- 
charging droplets; 

said electrostatic liquid discharging device hav- 35 
ing a pressure compensating means for 
decreasing the pressure difference between 
the internal pressure in said sealed chamber 
and external pressure. 

40 

1 0. An electrostatic liquid discharging device according 
to Claim 9, wherein said pressure compensating 
means comprises a pressure compensating cham- 
ber communicating with said sealed chamber and 
which is capable of increasing/decreasing volume 45 
according to external atmospheric pressure. 

11 . An electrostatic liquid discharging device according 
to Claim 10, wherein a portion of said pressure 
compensating chamber is defined by a displace- so 
merit plate displaceaWe according to external 
atmospheric pressure. 

12. An electrostatic liquid discharging device according 

to Claim 11, wherein said displacement plate is ss 
curved into a form so as to protrude in a direction 
away from the facing inner wall of said pressure 
compensating chamber. 



1 3. An electrostatic liquid discharging device according 
to Claim 1 1 , wherein an electrode plate for displac- 
ing said displacement plate by electrostatic force 
according to change in external atmospheric pres- 
sure is provided facing said displacement plate, and 
further comprises an external atmospheric pres- 
sure detecting means for detecting external atmos- 
pheric pressure, and a control means for driving 
said displacement plate according to the detected 
external atmospheric pressure. 

14. An electrostatic liquid discharging device according 
to Claim 9, wherein said pressure compensating 
means has a heat-generating member capable of 
at least heating gas sealed in said sealed chamber, 
and further comprises an external atmospheric 
pressure detecting means for detecting external 
atmospheric pressure, and a control means for driv- 
ing said heat-generating member according to the 
detected external atmospheric pressure. 

15. An electrostatic liquid discharging device according 
to Claim 13 or Claim 14. wherein said external 
atmospheric pressure detecting means comprises 
electrostatic capacity detecting means for detecting 
the electrostatic capacity between said vibrating 
plate and said electrode plate, and estimates the 
external atmospheric pressure based on said 
detected electrostatic capacity. 

16. An electrostatic liquid discharging device according 
to Claim 11. comprising a common liquid chamber 
communicating a plurality of said pressure cham- 
bers, wherein a portion of said common liquid 
chamber is defined by a diaphragm displaceaWe in 
the direction perpendicular to its plane in order to 
relieve pressure fluctuation within said common liq- 
uid chamber, and wherein said diaphragm and said 
displacement plate are a common plate. 

17. An electrostatic liquid discharging device according 
to Claim 10. wherein said pressure chamber and 
said pressure compensating chamber am sec- 
tioned and formed by a common semiconductor 
substrate. 

18. An electrostatic liquid discharging device according 
to Claim 11. wherein said displacement plate is 
formed of a boron-doped layer formed by doping 
said semiconductor substrate. 

19. An electrostatic liquid discharging device according 
to Claim 16. wherein said pressure chamber, said 
common liquid chamber, and said pressure com- 
pensating chamber are sectioned and formed by a 
common semiconductor substrate. 

20. A method for manufacturing an electrostatic actua- 
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tor comprising a vibrating plate, an electrode plate 
facing said vibrating plate, and a vibrating chamber 
formed between said electrode plate and said 
vibrating plate, wherein said vibrating plate is dis- 
placed by electrostatic force, by applying voltage 5 
between said vibrating plate and said electrode 
plate, said method comprising: 

a process for forming a pressure compensating 
chamber communicating with said vibrating 10 
chamber; 

a process for forming a displacement plate at a 
portion of said pressure compensating cham- 
ber, displaceable according to external atmos- 
pheric pressure, into a warped form curved so is 
as to protrude in a direction away from the fac- 
ing inner wall of said pressure compensating 
chamber; and 

a process for shutting off and sealing said pres- 
sure compensating chamber from the external 20 
atmosphere, along with said vibrating chamber. 

21. A method for manufacturing an electrostatic actua- 
tor according to Claim 20, wherein said displace- 
ment plate is formed of a boron-doped layer formed 25 
by doping said semiconductor substrate. 

22. A method for manufacturing an electrostatic actua- 
tor according to Claim 20 or Claim 21 , further com- 
prising a process for adjusting air pressure for 30 
sealing said pressure compensating chamber. 
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